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(54) OVERLAID MAGNETORESISTIVE ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent enlargement of a signal read width 
because of an overlaid structure and enhance a current utilization 
efficiency in relation to an overlaid magnetoresistive element 
SOLUTION: Magnetic domain control films 7 are set at ends of a 
magnetoresistive film 6. A pair of terminal films 1 0 are set above the 
magnetoresistive film 6 and magnetic domain control films 7 for flowing a 
current to the magnetoresistive film 6. Moreover, the thickness of a part 
which becomes a lower part of a terminal part of an antiferromagnetic layer 
5 constituting the magnetoresistive film 6 is made smaller than the 
thickness of a part without the terminal films 1 0. Detecting a current at an 
overlap part which is a trouble in an overlap structure is limited to a 
minimum, and therefore a core width and a good sensitivity to cope with a 
reduction in track width for a high recording density can be obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The exaggerated RAID type magnetoresistance-effect element characterized by the thickness of the portion 
which serves as the lower part of the aforementioned terminal area of the antiferromagnetism layer which constitutes the 
aforementioned magnetoresistance-effect film in the exaggerated RAID type magnetoresistance-effect element which 
prepared the magnetic-domain control film in the ends of a magnetoresistance-effect film, and prepared the terminal 
film of the couple for passing cxirrent on a magnetoresistance-effect film at the upper part of the aforementioned 
magnetoresistance-effect film and a magnetic-domain control film being thin than the thickness of the portion in which 
the aforementioned terminal fihn is not formed. 

[Claim 2] The exaggerated RAID type magnetoresistance-effect element characterized by a part of thickness it is thin 
directly under [ edge ] the aforementioned terminal film of the antiferromagnetism layer which constitutes the 
aforementioned magnetoresistance-effect film in the exaggerated RAID type magnetoresistance-effect element which 
prepared the magnetic-domain control film in the ends of a magnetoresistance-effect film, and prepared the terminal 
film of the couple for passing current on a magnetoresistance-effect film at the upper part of the aforementioned 
magnetoresistance-effect film and a magnetic-domain control film being thin than the thickness of the portion in which 
the aforementioned terminal film is not formed. 

[Claim 3] The exaggerated RAID type magnetoresistance-effect element characterized by removing the portion which 
serves as the lower part of the aforementioned terminal area of the antiferromagnetism layer which constitutes the 
aforementioned magnetoresistance-effect film in the exaggerated RAID type magnetoresistance-effect element which 
prepared the magnetic-domain control film in the ends of a magnetoresistance-effect film, and prepared the terminal 
film of the couple for passing current on a magnetoresistance-effect film at the upper part of the aforementioned 
magnetoresistance-effect film and a magnetic-domain control film. 

[Claim 4] The exaggerated RAID type magnetoresistance-effect element characterized by removing the part which 
becomes directly imder [ edge ] the aforementioned terminal film of the antiferromagnetism layer which constitutes the 
aforementioned magnetoresistance-effect film in the exaggerated RAID type magnetoresistance-effect element which 
prepared the magnetic-domain control film in the ends of a magnetoresistance-effect film, and prepared the terminal 
fihn of the couple for passing current on a magnetoresistance-effect film at the upper part of the aforementioned 
magnetoresistance-effect film and a magnetic-domain control film. 

[Claim 5] The exaggerated RAID type magnetoresistance-effect element characterized by removing the portion which 
serves as the lower part of the aforementioned terminal area of the antiferromagnetism layer and the fixed bed which 
constitute the aforementioned magnetoresistance-effect film in the exaggerated RAID type magnetoresistance-effect 
element which prepared the magnetic-domain control film in the ends of a magnetoresistance-effect film, and prepared 
the terminal film of the couple for passing current on a magnetoresistance-effect fihn at the upper part of the 
aforementioned magnetoresistance-effect film and a magnetic-domain control film. 

[Claim 6] The exaggerated RAID type magnetoresistance-effect element characterized by removing the part which 
becomes directly under [ edge ] the aforementioned terminal film of the antiferromagnetism layer and the fixed bed 
which constitute the aforementioned magnetoresistance-effect fihn in the exaggerated RAID type magnetoresistance- 
effect element which prepared the magnetic-domain control film in the ends of a magnetoresistance-effect film, and 
prepared the terminal film of the couple for passing current on a magnetoresistance-effect film at the upper part of the 
aforementioned magnetoresistance-effect film and a magnetic-domain control film. 

[Claim 7] An exaggerated RAID type magnetoresistance-effect element given in the claim 1 characterized by the above- 
mentioned magnetoresistance-effect film being either a single spin bulb film or a dual spin bulb film which shares the 
magnetic layer to which magnetization is not being fixed, or any 1 term of 6. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the exaggerated RAID type magnetoresistance- 
effect element which has the feature in the structure of the antiferromagnetism layer for raising the current use 
efficiency in the magnetoresistance-eflfect element of exaggerated RAID structure especially used for the reproducing 
head (read head) of magnetic recording media, such as a hard disk drive (HDD), about an exaggerated RAID type 
magnetoresistance-eflfect element. 
[0002] 

[Description of the Prior Art] In recent years, the magnetic head only for reproduction using the magnetoresistance- 
effect element (MR element) which research and development of the hard disk drive unit in which high-density 
magnetic recording is possible are quickly furthered, and a high output is obtained in connection with a rise of the 
request of the miniaturization of the hard disk drive unit which is the external storage of a computer, and large-capacity- 
izing, without a reproduction output being dependent on the relative velocity between a magnetic-recording medium and 
the magnetic head as the reproducing head used for such a hard disk drive unit, and can be applied also to a small disk 
attracts attention. 

[0003] High-sensitivity-izing and detailed-ization of a read head element are called for with the densification and large- 
capacity-izing of such a head only for reproduction, and in the general view, in order to realize recording density of 2 
(**6.2 Gbit/cm2) 40 Gbit/inch, it is expected that the width of recording track recorded on a magnetic-recording 
medium is set to about 0.3 micrometers. 

[0004] Here, with reference to drawing 6 (a), the rough composition of the conventional magnetoresistance-effect 
element is explained. ^ ^ 

Drawing 6 (a) reference drawing 6 (a) is the roiigh cross section of the<Sonvention^iiiagnetoresistance-eff^ element. 
On the alxmiinimi2 03-TiC substrate (not shown) used as the parent of aTirderaluminum 203 The lower magnetic- 
shielding layer (not shown) which consists of a NiFe alloy etc. through a film (not shown) is prepared, alimiinum 203 
used as a lower lead gap layer A film 41 is minded. Ta layer (not shown), the NiFe free (fi:ee) layer 42, the CoFe firee 
layer 43, the Cu interlayer 44, and the CoFe PINDO (piimed) layer 45 - and After preparing the spin bulb film which 
consists of a laminated structure of the PdPtMn antiferromagnetism layer 46 and carrying out patterning to a 
predetermined configuration, the CoCrPt hard bias film 47, i.e., a magnetic-domain control film, is formed in the ends 
of a spin bulb film, and, subsequently aluminum terminal film 48 of a couple is formed, subsequently ~ again - 
aluminum 203 etc. - the basic composition of a read head is completed by preparing the up magnetic-shielding layer 
(not shown) which consists of a NiFe alloy etc. through an up lead gap layer (not shown) 

[0005] In this case, since a Barkhausen noise will occur and a reproduction output will be sharply changed if a spin bulb 
film does not become a single magnetic domain, in order to control the magnetic domain of a spin bulb film, the CoCrPt 
hard bias film 47 was formed and high sensitivity-ization is aimed at. 

[0006] If shell external magnetic fields, such as a magnetic-recording medium, are impressed, since the magnetization 
direction of the ferromagnetic layer 42 to which magnetization is not being fixed, i.e., a NiFe free layer, and the CoFe 
fi-ee layer 43 will rotate fi-eely in accordance with an external magnetic field, the reproduction principle in this read head 
will produce the magnetization direction and angle difference of the ferromagnetic layer 45 to which magnetization was 
fixed, i.e., a CoFe pinned layer. 

[0007] Since dispersion for which it depended on the spin of conduction electron depending on this angle difference 
changes and an electric resistance value changes By passing fixed sense current fi-om aluminum terminal film 48, and 
detecting this electric resistance value change as a voltage value change, the signal magnetic field fi'om the situation, 
i.e., the magnetic-recording medium, of an external magnetic field is acquired, and the magnetic-reluctance rate of 
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change of this spin bulb magnetic-reluctance sensor becomes about about 5%. 

[0008] In such a magnetoresistance-effect element, in order to read without being influenced of the truck which adjoins 
tiie signal from the truck written in by detailed width of face on the magnetic-recording medium, it is necessary to form 
more narrowly than the width of recording track recorded on the magnetic-recording medium, the reading width of face 
49, i.e., the core width of face, of a read head. 

[0009] However, in the portion which touches the CoCrPt hard bias film 47 of the both ends of a spin bulb film, since 
the huge magnetic field from the CoCrPt hard bias film 47 is impressed, in the field which is about 0.1-0.2 micrometers 
of both ends, the movement of the NiFe free layer 42 and the CoFe free layer 43 becomes blunt, and the amoimt of 
[ 50 ] insensitive part generates. 

[0010] In order are necessary to form substantial core width of face widely 0.2-0.4 micrometers rather than appearance 
core width of face and to make a 0.3-micrometer truck read by generating for this insensitive part 50, core width of face 
of ^bout 0.8 micrometers is needed. However, the magnetic-reluctance change in a part for this insensitive part 50 is 
small, and the electric resistance of a spin bulb film brings a result to which the output of a magnetoresistance-effect 
element is reduced remarkably, when actual core width of face is formed more greatly than required core width of face, 
since it is large to ** compared with aluminxmi terminal film 48. 

[00 11] Then, since research of an exaggerated RAID type magnetoresistance-effect element is done now in order to 
solve such a problem, this exaggerated RAID type magnetoresistance-effect element is explained with reference to 
drawing 6 (b). 

Although drawing 6 (b) reference drawing 6 (b) is the rough cross section of the conventional exaggerated RAID type 
magnetoresistance-effect element and that of fundamental composition is completely the same as that of the lead of 
drawing 6 (a) In an exaggerated RAID type magnetoresistance-effect element With [ compared with the interval of 
aluminum terminal film 51 of a couple, adopt the structure, i.e., exaggerated RAID structure, where the large interval of 
the CoCrPt hard bias film 47 is taken, and ] such structure Since it keeps away from aliraiinum terminal film 51 with 
which the amount of [ 50 ] insensitive part detects a reproduction output and current does not flow to a part for an 
insensitive part 50, it becomes possible to take out an output efficiently. 
[0012] 

[Problem(s) to be Solved by the Invention] However, the current into which the electric resistance of the PdPtMn 
antiferromagnetism layer 46 in the upper part of a spin bulb film flows from aluminum terminal fihn 51 in fact since it 
is high compared with other layers distributed, current flowed in part also to a part for an insensitive part 50, and it had 
become the cause which lowers efficiency. 

[0013] Moreover, also in the portion used as a part for an insensitive part 50, although it is small in fact, since magnetic- 
reluctance effect change occurs, it becomes the cause which expands the core width of face 52 which should be formed 
minutely. 

[0014] Therefore, this invention prevents expansion of the signal reading width of face accompanying exaggerated 

RAID structure, and aims at raising current use efficiency. 

[0015] 

[Means for Solving the Problem] Drawing 1 is explanatory drawing of the theoretic composition of this invention, and 
explains the The means for solving a technical problem in this invention with reference to this drawing 1 . In addition, 
drawing 1 is the rough cross section of a magnetoresistance-effect element, and the signs 1 and 3 in drawing are a 
substrate used as for example, a lower lead gap layer, and an interlayer, respectively. 
The drawing 1 reference (1) this invention forms the magnetic-domain control film 7 in the ends of the 
magnetoresistance-effect film 6. In the exaggerated RAID type magnetoresistance-effect element which formed the 
terminal film 10 of the couple for passing current on the magnetoresistance-effect film 6 in the upper part of the 
magnetoresistance-effect film 6 and the magnetic-domain control film 7 It is characterized by the thickness of the 
portion used as the lower part of the terminal area of the antiferromagnetism layer 5 which constitutes the 
magnetoresistance-effect film 6 being thinner than the thickness of the portion in which the terminal film 10 is not 
formed. 

[0016] Thus, when the thickness of the portion used as the lower part of the terminal area of the antiferromagnetism 
layer 5 which constitutes the magnetoresistance-effect film 6 makes it thinner than the portion in which the terminal 
fihn 10 is not formed, i.e., the thickness of the thick section 8, and makes electric resistance small, while being able to 
make distribution of current small, increase of core width of face can be suppressed. 

[0017] Moreover, since the fixed bed 4 of the lower part of the closing-in section 9 begins the ahnost same movement as 
the magnetic layer 2 to which magnetization is not being fixed by the magnetic field from a magnetic-recording 
medium, i.e., a free layer, by constituting the closing-in section 9 in this appearance, into this portion, the 
magnetoresistance effect hardly shows up, but it can prevent core width of face spreading. 
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[0018] (2) Moreover, this invention forms the magnetic-domain control film 7 in the ends of the magnetoresistance- 
effect film 6. In the exaggerated RAID type magnetoresistance-eflfect element which formed the terminal film 10 of the 
couple for passing current on the magnetoresistance-efifect film 6 in the upper part of the magnetoresistance-eflfect film 

6 and the magnetic-domain control film 7 It is characterized by a part of thickness it is thin directly under [ edge ] the 
terminal film 10 of the antiferromagnetism layer 5 which constitutes the magnetoresistance-effect film 6 being thinner 
than the thickness of the portion in which the terminal fihn 10 is not formed. 

[0019] Thus, the pinning force over the fixed bed 4 is not degraded by the thick antiferromagnetism layer 5 which is 
good also as the closing-in section 9, and remains to ends the part which becomes directly imder [ edge ] the terminal 
film 10 of the antiferromagnetism layer 5. 

[0020] (3) Moreover, this invention is characterized by removing the portion used as the lower part of the terminal area 
of the antiferromagnetism layer 5 which constitutes the magnetoresistance-eflfect film 6 in the exaggerated RAID type 
magnetoresistance-eflfect element which formed the magnetic-domain control fihn 7 in the ends of the 
magnetoresistance-effect film 6, and formed the terminal film 10 of the couple for passing current on the 
magnetoresistance-eflfect film 6 at the upper part of the magnetoresistance-eflfect film 6 and the magnetic-domain 
control film 7. 

[0021] Thus, suppression of distribution of the curirent by the connection resistance between the terminal film 10 and the 

magnetoresistance-eflfect film 6 is expectable by removing the portion used as the lower part of the terminal area of the 
antiferromagnetism layer 5. Moreover, since the magnetic-reluctance change of those other than core width of face will 
not take place at all, eflSciency can be used as the antiferromagnetism layer 5 which improved fiirther and remained core 
width of face, i.e., the width of face of the thick section 8. 

[0022] (4) Moreover, this invention is characterized by removing the part which becomes directly under [ edge ] the 
terminal film 10 of the antiferromagnetism layer 5 which constitutes tiie magnetoresistance-eflfect film 6 in the 
exaggerated RAID type magnetoresistance-effect element which formed the magnetic-domain control film 7 in the ends 
of the magnetoresistance-effect film 6, and formed the terminal fihn 10 of the couple for passing current on the 
magnetoresistance-effect fihn 6 at the upper part of the magnetoresistance-effect fihn 6 and the magnetic-domain 
control film 7. 

[0023] Thus, when removing the antiferromagnetism layer 5, the part which becomes directiy imder [ edge ] the 
terminal film 10 of the antiferromagnetism layer 5 may be removed, and the pinning force over the fixed bed 4, i.e., a 
pinned layer, is not degraded by the antiferromagnetism layer 5 which remains to ends. 

[0024] (5) Moreover, this invention is characterized by removing the portion used as the lower part of the terminal area 
of the antiferromagnetism layer 5 which constitutes the magnetoresistance-effect film 6, and the fixed bed 4 in the 
exaggerated RAID type magnetoresistance-effect element which formed the magnetic-domain control film 7 in the ends 
of the magnetoresistance-effect film 6, and formed the terminal film 10 of the couple for passing current on the 
magnetoresistance-effect film 6 at the upper part of the magnetoresistance-effect fihn 6 and the magnetic-domain 
control film 7. 

[0025] Thus, when removing the antiferromagnetism layer 5, the portion used as the lower part of the terminal film 10 
of the fixed bed 4 was also removed, it is [ direction ] desirable, much more fall of electric resistance is expected, and 
distribution of current can be reduced. 

[0026] (6) Moreover, this invention is characterized by removing the part which becomes directly under [ edge ] the 
terminal film 10 of the antiferromagnetism layer 5 which constitutes tiie magnetoresistance-effect film 6, and the fixed 
bed 4 in the exaggerated RAID type magnetoresistance-effect element which formed the magnetic-domain control film 

7 in the ends of the magnetoresistance-effect film 6, and formed the terminal fihn 10 of the couple for passing current 
on the magnetoresistance-effect film 6 at the upper part of the magnetoresistance-effect fihn 6 and the magnetic-domain 
control film 7. 

[0027] Thus, when removing the fixed bed 4, the part which becomes directiy under [ edge ] the terminal film 10 may 
be removed, and the pinning force over the fixed bed 4 is not degraded by the antiferromagnetism layer 5 which remains 
to ends. 

[0028] (7) Moreover, this invention is characterized by the magnetoresistance-effect film 6 being either a single spin 
bulb film or a dual spin bulb film which shares the magnetic layer to which magnetization is not being fixed in the 
above ( 1 ) or either of (6). 

[0029] Tlius, as a magnetoresistance-effect film 6 used for an exaggerated RAID type magnetoresistance-effect element, 
any of a single spin bulb film or the dual spin bulb film which shares the magnetic layer to which magnetization is not 
being fixed are sufficient, and structure is complicated although sensitivity improves when a dual spin bulb film is used. 
[0030] 

[Embodiments of the Invention] Here, with reference to drawing 2 and drawing 3 , the manufacturing process of the 
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exaggerated RAID type magnetoresistance-efFect element xised for the read head of the form of operation of the 1st of 

this invention is explained. 

Drawing 2 (a) 3 **, first, a spatter is used on an aluniinmn2 03-TiC substrate (not shown), and it is aluminum 203 with 
a thickness of 2 nMcrometers. Impressing the magnetic field of 100 [Oe] using selection electrolysis plating, after 
making a film (not shown) deposit Thickness forms a 1-3 micrometers, for example, 3 micrometers, NiFe film, and 
considers as a lower magnetic-shielding layer (not shown), subsequently A spatter is used and thickness is 500A 
(=50nm) aluminimi 203. After making a film 1 1 deposit, a lower lead gap layer is formed and, subsequently a spin bulb 
film is made to deposit by carrying out patterning to a predetermined configuration by the ion milling method. 
[0031] The size which can give an anisotropy to the NiFe firee layer 12 used as a fi-ee layer as this spin bulb film. For 
example, the thickness it is thin in a ground layer using a spatter while impressing the magnetic field of 80 [Oe] After 
forming 50 A Ta film (not shown), for example, thickness The 40A NiFe free layer 12 and thickness for example, for 
example, the 25ACoFe free layer 13 and thickness For example, the 25 A Cu interlayer 14 and thickness carry out the 
laminating of the 25 A CoFe pinned layer 15, the PdPtMn film antiferromagnetism layer 16 whose thickness is 20-300A, 
for example, 25 OA, and the Ta protective coat (not shown) whose thickness is 60 A one by one, and form them. In 
addition, composition of NiFe in this case is nickel81Fel9, and composition of CoFe is Co90FelO, and composition of 
PdPtMn is Pd31Ptl7Mn52, and when an impression magnetic field is excessive, it is possible [ it ] to have a bad 
influence on the distribution of the thickness by the spatter etc. 

[0032] Subsequentiy, it considers as the direction of the direct-current magnetic field which impressed the 
magnetization direction of the PdPtMn antiferromagnetism layer 16 by performing heat treatment of 1 - 3 hours at 230 
degrees C in a vacuimi, impressing the direct-current magnetic field of 200 kA/m of the direction which intersects 
perpendicularly with the magnetic field impressed at the time of membrane formation, since the magnetization direction 
of the CoFe pinned layer 15 is fixed. In addition, the CoFe free layer 13 used as a barrier layer is formed among both, 
and the free layer is made into two-layer structure so that the counter diffusion between Cu(s) and the NiFe free layers 
12 which constitute the Cu interlayer 14 in a 230-degree C heat treatment process in this case may not arise. 
[0033] Drawing 2 (b) Subsequentiy to core width of face, the outcrop of a spin bulb film is removed 3 ** by giving ion 
milling using Ar ion by using as a mask the resist pattern 1 7 of the width of face which added a part for the insensitive 
part of element both sides. Incidentally, it is 2 40 Gbit/inch. When reading a magnetic-recording medium signal with 
recording density, supposing core width of face is 0.25 micrometers and the width of face for an insensitive part is 0.15 
micrometers, it is necessary to set width of face of the resist pattem 17 to about 0.55 micrometers. 
[0034] Drawing 2 (c) Subsequently to the whole surface, the CoCrPt hard bias film 18 which is a high coercive force 
film used as a magnetic-domain control film is made to deposit using a spatter 3 **, so that it may become thin a little 
from a spin bulb fihn, for example, so that it may become the thickness of about 200A. In addition, composition of 
CoCrPt in tiiis case is Co78CrlOPtl2. 

[0035] Drawing 3 (d) 3 subsequentiy to the resist pattem 17 top, after removing the deposited CoCrPt hard bias film 
18 witti the resist pattem 17, by giving ion milling by using the new resist pattem 19 as a mask, about about 170 A of 
outcrops of the PdPtMn antiferromagnetism layer 16 is removed, and thickness forms the about 80A closing-in section 
20. 

[0036] Drawing 3 (e) 3 **, subsequently, after removing the resist pattem 19, by the spatter, by giving ion milling, using 
as a mask the resist pattern 21 which has opening equivalent to core width of face after making the thickness of about 
lOOOA deposit for aluminum film on the whole surface, exposed aliraiinum fihn is removed and aluminum terminal fihn 
22 of a couple is formed. 

[0037] Drawing 3 (f) Subsequentiy the basic structure of the exaggerated RAID type magnetoresistance-effect element 
using the single spin bulb film witfi which the core width of face 23 is equivalent to the width of face of the heights of 
the PdPtMn antiferromagnetism layer 16 is completed by removing the resist pattem 213**. 
[0038] In this case, since current flows efficientiy to the field which distribution of the cxirrent shown by the arrow in 
drawing decreases, and is equivalent to the core width of face 23, i.e., reading width of face, since the thickness of the 
closing-in section 20 of the PdPtMn antiferromagnetism layer 16 which touches aluminum terminal film 22 is thin, a 
high output is obtained. 

[0039] moreover, directly under [ of the closing-in section 20 ] ~ and since the pinning force from the closing-in section 
20 becomes weak and the CoFe pinned layer 1 5 which adjoins a part for an insensitive part 24 begins the almost same 
movement as the NiFe free layer 12 by the magnetic field from a magnetic-recording mediimi, the magnetoresistance 
effect serves as the fine change portion 25 which hardly appears, and this portion can suppress that efficiency core width 
of face spreads by it 

[0040] Next, in the form of this the 2nd or 5th operation, although the exaggerated RAID type magnetoresistance-efifect 
element of the form of the 2nd or operation of the 5th of this invention is briefly explained with reference to drawing 4 
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and drawing 5 , since the fundamental manufacturing process is completely the same as that of the form of the 1st 
operation of the above, explanation of the same portion is omitted. First, with reference to drawing 4 (a), the form of 
operation of the 2nd of this invention is explained. 

[0041] Drawing 4 (a) reference drawing 4 (a) is the rough cross section of the exaggerated RAID type 
magnetoresistance-efifect element of the form of operation of the 2nd of this invention, and m the process of above- 
mentioned drawing 3 (d), the difference with the form of the 1st operation of the above removes the outcrop of the 
PdPtMn antiferromagnetism layer 16 completely, and loses the closing-in section. 

[0042] In the form of this 2nd operation, since current flows still more efficiently to the field in which distribution of the 

current shown by the arrow in drawing decreases more, and is equivalent to the core width of face 23, i.e., reading width 
of face, since aluminxmi terminal film 22 and the CoFe pinned layer 15 contact directly electrically, a high output is 
obtained. 

[0043] Moreover, since the pinning force from the PdPtMn antiferromagnetism layer 16 does not act, this portion turns 
into the changeless portion 26 to which the magnetoresistance effect does not happen at all, and the CoFe pinned layer 
15 which is the field which removed the PdPtMn antiferromagnetism layer 16, and adjoins a part for an insensitive part 
24 can suppress that efficiency core width of face spreads by it. 

[0044] Next, with reference to drawing 4 (b), the form of operation of the 3rd of this invention is explained. 
Drawing 4 (b) reference drawing 4 (b) is the rough cross section of the exaggerated RAID type magnetoresistance-effect 
element of llie form of operation of the 3rd of this invention, the difference with the form of the 1st operation of the 
above After the process of above-mentioned drawing 3 (d), the closing-in section 20 near the core width of face 23 is 
removed alternatively. For example, a new resist is applied in the state where the resist pattem 19 was made to remain, 
after the process of drawing 3 (d). What is necessary is to expose and develop negatives so that it may be removed only 
near the both sides of the resist pattem 19, and just to remove the outcrop of the closing-in section 20 by giving ion 
milling by using this new resist pattem as a mask. 

[0045] In the form of this 3rd operation, since current flows still more efficiently to the field in which distribution of the 
current shown by the arrow in drawing decreases more, and is equivalent to reading width of face since aluminum 
terminal film 22 and the CoFe pinned layer 15 contact directly electrically in about 23 core width of face, a high output 
is obtained. 

[0046] Moreover, since pinning of the CoFe pinned layer 1 5 is carried out by the pinning force from the residual section 
27, i.e., the antiferromagnetism layer, of the closing-in section 20, pinning of the CoFe pinned layer 15 of PdPtMn 
antiferromagnetism layer 16 directly under will be carried out certainly. In addition, although the pinning force from the 
closing-in section 20 acts, since the force is not so strong, the ateiost same movement as the NiFe free layer 12 is begun 
by the magnetic field from a magnetic-recording medium, this portion tums into the fine change portion 25 into which 
the magnetoresistance effect hardly shows up, and, as for the CoFe pinned layer 15 of the removal section of the 
closing-in section 20, efficiency core width of face can suppress spreading by it. 

[0047] Next, with reference to drawing 4 (c), the form of operation of the 4th of this invention is explained. 
Drawing 4 (c) reference drawing 4 (c) is the rough cross section of the exaggerated RAID type magnetoresistance-effect 
element of the form of operation of the 4th of this invention, and in the process of above-mentioned drawing 3 (d), the 
difference with the form of the 1st operation of the above also removes the CoFe pinned layer 15 under it while 
removing the outcrop of the PdPtMn antiferromagnetism layer 16 completely. 

[0048] In the form of this 4th operation, since current flows still more efficiently to the field in which distribution of the 
current shown by the arrow in drawing decreases more, arid is equivalent to reading width of face since aluminum 
terminal film 22 and the Cu interlay er 14 contact directly electrically, a high output is obtained. 
[0049] Moreover, in the field which removed the CoFe pinned layer 15, since a pinned layer does not exist, it becomes 
the changeless portion 26 to which the magnetoresistance effect does not happen at all, and it can suppress that 
efficiency core width of face spreads by it. 

[0050] Next, with reference to drawing 5 , the form of operation of the 5th of this invention is explained. 
Drawing 5 reference drawing 5 is the rough cross section of the exaggerated RAID type magnetoresistance-effect 
element of the form of operation of the 5th of this invention, and the difference with the form of the 1st operation of the 
above removes the outcrop of the PdPtMn antiferromagnetism layer 16 completely in the process of above-mentioned 
drawing 3 (d) while using the so-called dual spin bulb film as a spin bulb film. 

[0051] Namely, the so-called dual spin bulb film is used as a spin bulb film in the form of the 2nd operation of the 
above. That what is necessary is just to form in the vertical symmetry in the form where the NiFe free layer 14 is shared 
in case a spin bulb film is made to deposit The thickness it is thin in a ground layer For example, after [ for example, ] 
forming 50A Ta film (not shown), The PdPtMn film antiferromagnetism layer 31 and thickness whose thickness is 20- 
300A, for example, 250A The 25A CoFe pinned layer 30 and thickness for example, for example, the 25A Cu interlayer 
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29 and thickness The 25 A CoFe free layer 28 and thickness for example, for example, the 40A NiFe free layer 12 and 
thickness The 25 A CoFe free layer 13 and thickness for example, for example, the 25 A Cu interlayer 14 and thickness 
For example, what is necessary is just to carry out the laminating of the 25A CoFe pinned layer 15, the PdPtMn film 
antiferromagnetism layer 16 whose thickness is 20-300A, for example, 250A, and the Ta protective coat (not shown) 
whose thickness is 60A one by one. 

[0052] Like the case of the form of the 2nd operation of the above, smce alimiinum terminal film 22 and the CoFe 
pinned layer 15 contact directly electrically, tiie distribution of current of the fimdamental operation effect in the form of 
this 5th operation decreases more, and since current flows still more efficiently to the field equivalent to reading width 
of face, a high output is obtained. 

[0053] As mentioned above, although the form of each operation of this invention has been explained, this invention is 
not restricted to the composition indicated in the form of each operation, and various kinds of change is possible for it. 
for example, about the magnetoresistance-effect element using tfie dual spin bulb film It leaves the periphery of the 
PdPtMn antiferromagnetism layer 16, and good also as the closing-in section so that it may correspond to the form of 
the 1st operation of the above although only one example shown in drawing 5 is shown A part of closing-in section may 
be further removed alternatively so that it may correspond to the form of the 3rd operation of the above, and further, you 
may remove the periphery of the CoFe pinned layer 1 5 so that it may correspond to the form of the 4th operation of the 
above. 

[0054] Moreover, in the form of the 3rd operation of the above, although only the closing-in section is removed 
alternatively It is what may also remove the CoFe pinned layer 15 under the removal section, further Thus, without 
forming the closing-in section in the PdPtMn antiferromagnetism layer 16, in case the removal section is formed in the 
both sides of core width of face, the PdPtMn antiferromagnetism layer 16 of the both sides of core width of face may be 
removed, and the CoFe pinned layer 1 5 under it may be removed fiirther. 

[0055] Moreover, in the form of tihie 1st operation of the above, although the whole periphery of the PdPtMn 
antiferromagnetism layer 16 is made into the closing-in section 20, when a spin bulb film is a dual spin bulb film, it is 
good [ it is good also considering / as the closing-in section / only near the both sides of core width of face, and ] also 
considering [ as the closing-in section ] only near the both sides of core width of face. 

[0056] Moreover, in explanation of the form of the 1st or operation of the 4th of this invention, although the single spin 
bulb film which consists of NiFe/CoFe/Cu/CoFe/PdPtMn is used as a spin bulb film, it is not restricted to such a single 
spin bulb film, and the single spin bulb film of other laminated structures, such as NiFe/Cu/NiFe/FeMn, may be used. 
[0057] Moreover, in explanation of the form of each above-mentioned operation, as a magnetic-domain control film, 
although CoCrPt of a high coercive force fihn is xised, it may not be restricted to CoCrPt, other high coercive force 
fihns, such as CoPt and CoCr, may be used, and antiferromagnetic substance fibns, such as PdPtMn, may be used 
further. 

[0058] Moreover, what is necessary is not to be restricted to such a composition ratio and just to choose a composition 
ratio suitably as NiFe, CoFe, PdPtMn, and CoCrPt, in the form of each above-mentioned operation, according to 
magnetic properties, a working characteristic, etc. to need, respectively, although nickel81Fel9, Co90Fel0, 
Pd3 lPtl7Mn52, and Co78CrlOPtl2 are used. 

[0059] Moreover, in explanation of the form of each operation of the above-mentioned this invention, although 
alimiinum terminal film 22 is used as a lead electrode You may use not the thing restricted to such an alxmiinum film but 
Au film. Independent W film and Ta film may be used and it is still better also as multilayer structure by making lOnm 
Ta film, a lOnm TiW film, and 80nm Ta film deposit one by one. 

[0060] Moreover, in explanation of the form of each operation of the above-mentioned this invention, although ion 
milling is used also in the patterning process of alimiinum terminal fihn 22, you may use RIE (reactive ion etching) 
instead of ion milling. 

[0061] Moreover, since it is premised on the read head used for HDD in explanation of the form of each operation of the 
above-mentioned this invention, although the duminum2 03-TiC substrate is used as a substrate, when only forming as 
a magnetoresistance-effect element, it is Si02 to a firont face. You may use substrates, such as Si substrate in which the 
fihn was formed, or a glass substrate. 

[0062] Moreover, in explanation of the form of each operation of this invention, although it is explaining on the 
assumption that an independent read head, this invention is not restricted to such an independent read head, and is 
applied also to the compound-die thin film magnetic head which carried out the laminating to the thin film magnetic 
head of an induction type. 
[0063] 

[Effect of the Invention] According to this invention, antiferromagnetism layers other than the reading field of original 
of the magnetoresistance-effect element which constitutes a read head, and tiie becoming field can be made thin, or a 
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current distribution can be controlled by reading, even if few, and removing the antiferromagnetism layer of the both 
sides of a field, by it Since current detection of the overlap portion which poses a problem with exaggerated RAID 
structure can be made into the minimum, the place which can obtain the core widtii of face and the good sensitivity 
which can respond to reduction of the width of recording track accompanying a raise in recording density, as a result 
contributes to the spread of the HDD equipment of high recording density is large. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused hy the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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